Considerable knowledge has been gained from the clinical study of various therapeutic agents in rheumatoid arthritis, yet comparatively little information is available on the metabolic action of these substances at the tissue level. A satisfactory in vitro approach to this problem could not be made until it could be established that in vitro metabolic changes occurred in the presence of rheumatoid disease in the synovium. We have shown that normal synovial membrane was a tissue with an extremely low oxidative metabolism, though its glycolysis was readily measurable. The tissue reaction to the disease involved the appearance of considerable oxidative metabolism, as well as an increase in glycolysis (Dingle and Page Thomas, 1956) . It was also noted that the highest rate of metabolism was found in villous tissues, and that a positive correlation existed between the proliferative state of the disease in the knee joint and the metabolism of the excised tissue.
In the cell, the synthesis of energy-rich bonds is achieved mainly by the oxidative breakdown of carbohydrate. The increase in synovial oxidative metabolism in rheumatoid disease is probably associated with the increased energy requirements of the proliferating synovium. Hence, any agent which alters this metabolic state might play a part in modifying the response of the tissue to the disease stimulus.
Preliminary results have indicated that hydrocortisone is a potent inhibitor of synovial metabolism (Page Thomas and Dingle, 1955) . The degree of inhibition of oxygen uptake produced in vitro by a standard concentration of hydrocortisone on rheumatoid synovia of varying degrees of metabolic activity was greatest in those tissues which exhibited the highest oxygen uptake (Page Thomas and Dingle, 1957) . In this series of experiments, the in vitro action of hydrocortisone has been compared with Compound B (corticosterone), Compound S (11 -desoxy 17-hydroxycorticosterone), cortisone (1 -dehydro 17-hydroxycorticosterone), and DOCA (desoxycorticosterone acetate).
Other compounds which have been investigated are o-hydroxy benzoic acid (salicylic acid), m-and p-hydroxybenzoic acids, phenylbutazone (Butazolidin) , and insulin.
Materials
(1) Steroids.-Recent work has shown that the method of presentation of steroids to synovial tissue in vitro is important (Page Thomas and Dingle, unpublished results) . Different methods of solution or presentation of the same steroid have given quantitative and qualitative differences in the metabolic effect on rheumatoid synovium. In the present series of experiments, the steroids have been mainly used as crystalline suspensions in Krebs-Ringer phosphate (Umbreit, Burris, and Stauffer, 1949) . The suspensions were prepared by dissolving a weighed quantity of steroid in A.R. acetone, samples of which were pipetted into Warburg flasks, and the acetone was then evaporated off in a warm oven. The film of material on the wall of the flask, when shaken with Krebs-Ringer phosphate gave a suspension containing an accurate amount of material per flask. The control flasks were treated with the same volume of pure acetone.
Two other methods of steroid presentation have been used. In one experiment the steroids were dissolved in 1, 2 propanediol and a comparison of aerobic and anaerobic glucose utilization was made. The standard steroid used for comparative purposes has been a solution of hydrocortisone obtained by autoclaving (Miller, 1954) .
(2) Hydroxybenzoic Acids.-o-hydroxybenzoic acid (salicylate acid), and m-and p-hydroxybenzoic acids were dissolved in Krebs Ringer phosphate and adjusted to pH 7-4 with sodium hydroxide. A final concentration of I mg./ml. was used.
(3) Phenylbutazone (Butazolidin).-O-015 g. of this substance was dissolved in 0-5 ml. pure ethanol and then added to 99-5 ml. Krebs-Ringer phosphate. The control solution was similarly prepared using ethanol alone.
(4) Insulin.-The crystalline material was dissolved in Krebs-Ringer phosphate to give a final concentration of 10[ug./ml. Method Rheumatoid synovial tissue was obtained at the time of operation from patients undergoing synovectomy or arthrodesis of the knee. The tissue was dissected free from the underlying fat and fibrous tissue and prepared for in vitro experiments as previously described (Dingle and Page Thomas, 1956 ). All synovia used were shown to have the histological changes characteristic of the disease. Oxygen consumption was measured by conventional Warburg techniques. For aerobic experiments 100 per cent. oxygen was used, and for anaerobic experiments 100 per cent. nitrogen. After incubation the tissue was separated off and glucose, glycogen, lactic acid, and nitrogen were estimated as previously described (Page Thomas and Dingle, 1955) . All results were expressed on a tissue nitrogen basis, i.e. Qo2(N) being i1-02 uptake per hr per mg. tissue nitrogen.
Results
Steroids.- Table I shows the effect of six corticosteroids on the metabolism of rheumatoid synovial villi. The Table is Beloff-Chain, Chain, Bovet, Pocchiari, Catanzaro, and Longinotti (1953) . Rheumatoid synovial tissue has also given similar results (Page Thomas and Dingle, 1957 Planta (1954) have also shown that Compound E inhibits glycogen synthesis in rat diaphragm. Huisman (1953) (1954) showed that Compound E had a similar effect. The glucose utilization of human placenta (Villee, 1953) and of human leucocytes (Martin, Chaudhuri, Green, and McKinney, 1954) in vitro was found to be again inhibited by Compound E. (c) Lactate Production.-The inhibition of lactate production of rheumatoid villi and membrane by the various steroids tested, closely paralleled the results found for glucose utilization. Bacila and Barron (1954) found that Compounds F, E, and DOC inhibited the anaerobic glycolysis of mouse diaphragm. Huisman (1953) , however, reported little or no effect with Compound E acetate on lactic acid production with the same tissue. Martin and others (1954) , with human leucocytes, found that E and F were slightly inhibitory, whereas DOC and S were without effect upon glycolysis. Miller (1954) , using rat thymus lymphocytes, found that, although DOC was inhibitory, Compounds E and F both stimulated glycolysis. It (Dingle and Page Thomas, 1956) . It is evident that the steroids tested were more effective in inhibiting the oxygen uptake of the actively respiring villous tissues than the less active "fibrotic" villous and "membrane". The in vitro inhibitory effect of various corticosteroids has been shown in a variety of tissues. Gordon, Bentinck, and Eisenberg (1951) found that DOC inhibited the respiration of rat brain homogenates. Hayano and Dorfman (1951) reported that DOC inhibited the oxygen uptake of rat liver, kidney, and brain slices. Brichta and Parzer (1954) found that Compound E inhibited the oxygen uptake in lymphatic leukaemia cells. Compounds E and F were also found by Miller (1954) to inhibit the oxygen uptake of rat thymus lymphocytes. Tipton (1939) found that Compound B inhibited the oxygen uptake of brain slices. Kit and Barron (1953) showed that Compound F inhibited the oxygen consumption of rat and mouse spleen. Chiu (1950), however, was unable to demonstrate any effect of DOC, A, and E on the oxygen uptake of rat liver slices, and Martin (1954) was unable to show an inhibitory effect of E and F on human leucocytes. Huisman (1953) Hydroxybenzoic Acids Meade (1954) , who measured the effect of various hydroxybenzoic acids in the oxygen consumption of Wistar rats, found that ortho hydroxybenzoic acid stimulated oxygen uptake, and that the meta form was inhibitory, while the para compound had little effect. He postulated that the stimulatory action of o-hydroxybenzoic acid (salicylic acid) upon oxygen uptake might resemble that of the dinitrophenols which interfere with oxidative phosphorylation processes. This work was extended by Smith and Jeffrey (1956) , who studied the effect of salicylate on oxygen consumption and carbohydrate metabolism in the isolated rat diaphragm. They found that salicylate 5 X 10-3M always produced a marked increase in the rate of oxygen uptake of the diaphragms for the first 30 to 60 min. of the experiment, but that the rate subsequently declined, and had almost entirely ceased after 2 hours. Though our time intervals were of shorter duration with rheumatoid synovium, the effect, as shown in the Figure for O-hydroxybenzoic acid, is similar to their findings. The same authors also found that salicylate caused an increased glycogen breakdown and lactate accumulation under both aerobic and anaerobic conditions, as well as a decreased glucose uptake. We have been unable to show any comparable effect on rheumatoid synovia with salicylate, though both the meta and para hydroxybenzoic acids gave inhibition of glucose utilization.
Insulin
Gemmill (1940) showed that insulin increased glycogen formation and glucose utilization in the isolated rat diaphragm. VerzAr and Wenner (1948) showed that hydrocortisone inhibited glycogen formation in the presence of insulin. Our figures for synovial tissue serve to emphasize the antagonistic effect of these two hormones.
It would appear, therefore, that the more metabolically active rheumatoid synovial tissues behave in vitro in a similar manner to other active animal and human tissues, and react readily to the presence of various hormones and therapeutic agents.
Summary
(1) The effects of Compounds B, S, E, F, and DOCA on some aspects of the in vitro metabolism of rheumatoid synovial tissue have been investigated.
(2) In general, these compounds had an inhibitory action upon both oxidation and glycolysis.
(3) Meta-and para-hydroxybenzoic acids were found to inhibit glucose utilization, lactate production, and oxygen uptake. Ortho-hydroxybenzoic acid, however, initially stimulated the rate of oxygen uptake which later fell off rapidly.
(4) Insulin was found to stimulate glycogen synthesis, glucose utilization, and oxygen uptake. (2) En general estos compuestos ejercian una accion inhibitoria tanto sobre la oxidaci6n como sobre la glicolisis.
(3) Los acidos meta-y para-hidroxibenzoico inhibian la utilizaci6n de glucosa, la producci6n de lactato, y la absorpci6n de oxigeno. El acido orto-hidroxibenzoico, sin embargo, primero estimulaba la absorpci6n de oxigeno, que luego disminuia rapidamente.
(4) La insulina estimulaba la sintesis de glic6geno, la utilizaci6n de glucosa y la absorpci6n de oxigeno. Estos efectos estimulantes se veian inhibidos por la hidrocortisona.
